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Eosinophils have broad and extensive immunomodulatory capacity; recent studies have focused
on the roles of distinct eosinophil subsets in specific tissue microenvironments. Ly6G is a GPI-
linked leukocyte surface Ag understood primarily as a marker of mouse neutrophils, although its
full function is not known. Here, we show that Ly6G/Gr1, detected by mAbs 1A8 (anti-Ly6G) and

RB6-8C5 (anti-Gr1), is detected prominently on a significant fraction of eosinophils from mouse
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bone marrow and bone marrow-derived culture, with fractions expressing this Ag increasing in
IL-5-enriched microenvironments. Among our findings, we identified SiglecF*Gr1* eosinophils in
bone marrow from naive, allergen-challenged and IL-5 transgenic mice; SiglecF*Gr1+ eosinophils
were also prominent ex vivo in bone marrow-derived eosinophils (bmEos) in IL-5-enriched
culture. Reducing the IL-5 concentration 20-fold had no impact on the rate of generation of
SiglecF™ bmEos but did result in a marked increase in the Gr1~ fraction (from 17.4 + 2% to
30 + 2.3%, P < 0.005). Reducing the IL-5 concentration also enhanced chemotaxis;
SiglecF*Gr1~ bmEos were considerably more responsive to eotaxin-1 than were their
SiglecFTGr1* counterparts. These results suggest that (i) IL-5 regulates the expression of
Ly6G/Gr1, either directly or indirectly, in cells of the eosinophil lineage, (ii) eosinophils generated
in response to high concentrations of IL-5 can be distinguished from those generated under
homeostatic conditions by expression of the Ly6G/Gr1 cell surface Ag, and (iii) expression of
Ly6G/Grl may have an impact on function, directly or indirectly, including the potential to

undergo chemotaxis in response to eotaxin-1.
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1 | INTRODUCTION

Recent studies that explore the role of eosinophils at homeostasis
in the gastrointestinal tract,®” that examine their distinct eosinophil-

Eosinophils are granulocytic leukocytes that develop in the bone mar-
row from pluripotential progenitor cells.12 While much of the older lit-
erature on eosinophils focuses on their role as cytotoxic effector cells,
this limited view has been largely supplanted by findings that have

revealed their broad and extensive immunomodulatory potential.3->

Abbreviations: Af, Aspergillus fumigatus; BMEOS, bone marrow-derived cultured eosinophils;
CCRS3, CC chemokine receptor 3; EPX, eosinophil peroxidase; MBP-1, major basic protein-1;
MFI, mean fluorescence index; TG, transgenic.
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mediated antimicrobial activities”8 and that define the properties of
eosinophil-specific subtypes,>?10 all suggest that there are new and
profound complexities remaining to be resolved.

Studies of eosinophils in and from mouse models of Th2-mediated
allergy have ultimately led to our current understanding of phenotype-
specific asthma and provide targets for novel therapies.1112 However,
while human eosinophils can be easily isolated by negative-selection
technologies,!3 there are no readily-available tools that facilitate

isolation of live, untouched eosinophils from wild-type (WT) mice.
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To date, the major source of mouse eosinophils has been peripheral
blood and tissues from IL-5 transgenic (IL5tg) strains'*1> in which
profound eosinophilia results from cytokine overproduction in vivo.
Another method used to generate eosinophils is based on ex vivo
culture®® in which unselected cells from mouse bone marrow are
manipulated via cytokine stimulation to generate pure cultures of
phenotypically mature eosinophils, known as bone marrow-derived
cultured eosinophils (bmEos). While this latter method has been used
extensively to generate eosinophils from various WT and gene-deleted
mouse strains, this culture system as currently designed® and related
methods?” are also dependent on high concentrations of IL-5.

Here, we examine expression of the GPI-linked cell surface Ag,
Ly6G, as a feature of mouse eosinophilic leukocytes and their develop-
ment in vivo and ex vivo. While Ly6G has been used primarily to iden-
tify neutrophils in flow cytometric profiles and to execute depletion

strategies, 1817

we found that this Ag is also readily detected on mouse
eosinophils, with cell surface expression increasing in association with
elevated concentrations of IL5 in mouse serum or in tissue culture
medium. Furthermore, while primarily understood as an eosinophil
chemoattractant, eotaxin-1 has a clear but under-appreciated role in
promoting eosinophil hematopoiesis.2%21 As such, in addition to mod-
ulation of IL-5 concentrations, we also explored the role of eotaxin-1
(CCL11) in promoting eosinophil maturation and expression of Ly6G in

ex vivo culture.

2 | MATERIALS AND METHODS

2.1 | Mice

WT BALB/c and C57BL/6 mice (6-8 weeks old) were purchased
from Charles River Laboratories, Frederick, MD. IL-5 overexpressing-
transgenic mice,'* IL-5 gene-deleted mice,2?2 and eotaxin-1 gene-

20 were maintained on-site in the 14BS vivarium and the

deleted mice
NIAID Taconic Consortium. All mice were bred and maintained under
pathogen-free conditions at an American Association for the Accred-
itation of Laboratory Animal Care accredited animal facility at the
NIAID and housed in accordance with the procedures outlined in the
Guide for the Care and Use of Laboratory Animals under an animal
study proposal approved by the NIAID Animal Care and Use Commit-
tee, approved all the experimental procedures as per protocols LAD 7

and LAD 8E.

2.2 | Harvesting and culture of mouse bmEos

bmEos were generated from unselected bone marrow cells from
BALB/c and C57BL/6 mice as previously described.é Briefly, bone
marrow cells were harvested under sterile conditions and cultured in
base medium consisting of RPMI 1640 medium with containing 20%
FBS, 10 pg/mL streptomycin, 100 IU/mL penicillin, 2 mM glutamate,
1x non-essential amino acids, 1 mM sodium pyruvate, and 50 uM
p-mercaptoethanol with 100 ug/mL stem cell factor (SCF) and 100
ug/mL FLT3 ligand (FLT-3L) for 4 days. On day 4, the growth

medium was removed and replaced with base media. The standard
method includes addition of recombinant murine (rm)IL-5 at 10 ng/mL
(Peprotech); in some experiments, we varied the concentration of
rmlL-5 from 0.1 to 10 ng/mL. Some experiments included recombinant
murine eotaxin-1 at 0.5 ng/mL (Peprotech). Every second day, half of
the media was removed and replaced, maintaining the cell concentra-
tion at 10¢/mL. All evaluations were performed on eosinophils at day

12 of culture unless otherwise indicated.

2.3 | Analysis of surface receptors via flow cytometry

bmEos at days of culture as indicated were washed in PBS and stained
with Live-Dead Aqua for 30 min at 4°C followed by addition of spe-
cific or isotype control Ab in PBS with 0.1% BSA for 30 min also
at 4°C. Samples were evaluated on the BD LSRIl flow cytometer
and analyzed using FlowJo software. Abs used in the study included
anti-CD16/CD32, PE-anti-mouse SiglecF, APC-Gr1 (anti-Ly6G/Ly6C),
AF700-anti-mouse Ly6G (clone 1A8), FITC-anti-mouse Ly6C (clones
AL-21,HK1.4), AF700-anti-mouse CD11c, PE-Cy7-anti-mouse MHCII,
PerCP-Cy5.5-anti-mouse CCR3, BV605-anti-mouse CD125, and FITC-
anti-mouse CD34.

2.4 | Sensitization and challenge
with A. fumigatus extract

BALB/c mice were sensitized via intraperitoneal injection with an
extract of the fungal allergen A. fumigatus (HollisterStier) as previously
described?3 with some minor changes. Briefly, 20 ug was administered
as a 1:1 admixture in ImjectAlum (Pierce) on days 0 and 7 followed by
intranasal administration of 25 ug A. fumigatus in PBS with 0.1% BSA
on days 15, 16, and 17 as previously described. Bone marrow, spleen,
and lung tissues and bronchoalveolar lavage fluid (BAL) were isolated

for analysis on day 19.

2.5 | Evaluation of peripheral blood eosinophils

Retro-orbital bleeding into EDTA-coated microvette tubes (Sarstedt)
was performed on anesthetized mice. Leukocyte counts and differen-
tials were determined using the HEMAVET® HV 950Fs Analyzer via
the NCI Pathology and Hematology Laboratory, Frederick, MD.

2.6 | Evaluation of eosinophils in bone marrow

Bone marrow was harvested from the femurs and tibiae of mice as
previously described?* and washed in PBS with 0.1% BSA. RBCs
were lysed using sterile distilled water followed by addition of 10x
concentrated PBS. The cell pellet was stained with Live-Dead Aqua
for 30 min at 4°C, followed by the addition of specific Abs or isotype
controls in PBS with 0.1% BSA for 30 min also at 4°C. Samples were
evaluated on the BD LSRII flow cytometer and analyzed using FlowJo
software. Abs used in the study include anti-CD16/32, anti-mouse
SiglecF-PE, anti-mouse Gr1-APC, PerCP-Cy5.5-anti-mouse CCR3, and
BV605-anti-mouse CD125.
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2.7 | FACSisolation of Gr1~ and Gr1* eosinophils
and re-introduction into bmEos culture

On day 11 standard culture as described above (with rmiL-5 at
10 ng/mL), cells were washed once with PBS with 0.1% BSA and incu-
bated for 30 min at 4°C with anti-CD16/32 (Mouse BD Fc Block) and
APC-anti-Gr1 (RB6-8C5; BD Biosciences, Franklin Lakes, NJ, USA).
After incubation, cells were washed with PBS with 0.1% BSA and
resuspended at 20 x 106 cells/mL in PBS with 0.1% BSA. The bmEos
were sorted into Gr1~ and Gr1* populations for analysis via FACSAria
(BD Biosciences) into PBS with 0.1% BSA. Aliquots were returned
as separate populations to bmEos culture at a final concentration of
106 cells/mL.

2.8 | RNA isolation, cDNA synthesis,
and gPCR analysis

Mouse bmEos from day 11 cultures separated by FACS into Gr1~
and Grl* populations as described above were sorted directly into
TRIzol LS Reagent (Life Technologies) and stored at -20°C until use.
Chloroform (0.2x volume) was added to the samples in TRIzol LS
Reagent and the aqueous phase containing RNA was isolated follow-
ing centrifugation. Isolated RNA was purified with the RNeasy MinE-
lute Cleanup Kit (Qiagen) and resuspended in diethyl-pyrocarbonate
(DEPC) treated water. RNA concentrations were measured via Nan-
oDrop One (Thermo Scientific). Approximately 1 ug of RNA was
treated with DNase | (Invitrogen) and reverse transcribed to synthe-
size cDNA via First Strand cDNA Synthesis Kit for RT-PCR (AMV)
(Roche Diagnostics). Quantitative PCR (qPCR) was carried out using
standard methods on a GeneAmp(®) PCR System 9700 Thermocycler
(Applied Biosystems) using ABI TagMan 2x Reagent (ThermoFisher)
and FAM-labeled primer/probes for GATA-1 (ABl: Mm00484678_m1),
EPX (ABIl: Mm00514768_m1), MBP (ABI: Mm00435905_m1), CCR3
(ABI: Mm00515543_s1), and IL-5Ra (ABl: Mm00434284_m1). Mouse
GAPDH (VIC-labeled, ABI #43058313) was used as the housekeep-
ing gene for all experiments. No template and no reverse transcriptase

controls were included in all experiments.

2.9 | Chemotaxis assay

Chemotaxis assay was performed using an AP48 Neuro Probe Multi-
well Chamber with a 5.0-um filter pore size with total, Gr1*, or Gr1~
bmEos. Chemotaxis media was prepared using RPMI 1640, 1.0% FBS,
and 10 mM HEPES. Recombinant murine eotaxin-1 was added to the
chemotaxis media at final concentrations of 0.1, 1.0, 10, 100, and
1000 ng/mL in the lower chamber and 5.2 x 10* bmEos from cultures
as indicated were added to the upper chamber. Chemokinesis and vehi-
cle controls were included. The chamber was incubated at 37°C for 2 h
in 5% CO, to allow for transmigration between the wells. After 2 h, the
cells were removed from the lower chamber and migrated eosinophils
were identified by their forward and side scatter properties on a BD
LSRII flow cytometer and analyzed on FlowJo software. Chemotactic
fraction was calculated as number of eosinophils migrated in response
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to chemoattractant divided by number of eosinophils migrated in
response to diluent.

2.10 | Determination of serum IL-5 and eotaxin-1
concentrations

Whole blood samples were collected from mice by retro-orbital bleed-
ing. After 30 min of clotting time, serum was collected after centrifuga-
tion at 3000 rpm for 10 min at 4°C. IL5 and eotaxin-1 concentrations
were determined using ELISA DuoSets as described above.

2.11 | Cytokine-free survival of bmEos

BmEos cultured as described above were washed twice with PBS with
0.1% BSA. Cells were replaced in culture in base medium with no
cytokines at 37°C and 5% CO,. Survival was monitored on an ongoing

basis by trypan blue exclusion and visual inspection.

2.12 | Statistical evaluation

Statistical evaluations were performed using Mann-Whitney U-test, 1-
or 2-way ANOVA as appropriate using algorithms within GraphPad
PRISM 7.0.

3 | RESULTS AND DISCUSSION

3.1 | Expression of the cell surface Ag, Ly6G on
mouse eosinophils

Ly6G is a 25 kDa GPI-linked cell surface Ag detected by the mAb
anti-Gr1 (clone RB6-8C5); it is a member of a group of leukocyte
Ags that share conserved LU (3-fold repeat Lyé Ag/urokinase-type
plasminogen activator receptor) domains?> and are encoded by
genes that reside on mouse chromosome 15.182¢ Ly6G is a univer-
sal marker for mouse neutrophils, although its function remains
uncertain.!® While mouse eosinophils (and basophils) are typically
described as Gr1~ or Gr1', the Ly6G/Gr1 Ag has been detected at
high levels (i.e., Gr1*/M) on WT mouse eosinophils in specific microen-
vironments. Notably, Jordan et al.2” and McKee et al.28 identified
a population of IL-4TGri1t cells that were essential for generation
of Ag-specific B cells in the spleens of alum-primed WT mice; Wang
and Weller?? identified these critical effector cells as GritIL4*
eosinophils. Likewise, our group identified a small but distinct popula-
tion of eosinophils in the lungs of allergen-challenged mice that were
SiglecF*Gr1+/M/Ly6G*23; these eosinophils contained a unique subset
of proinflammatory mediators that distinguished them from the major-
ity SiglecF*Gr1'® population. Just recently, Mack and colleagues3®
presented findings on mice conditionally deficient in the Tribbles
family pseudo-kinase, Trib1 (Trib12H5C mice) in which eosinophils are
constitutively Ly6G+.

As shown in Fig. 1A, most of the eosinophils (SiglecF+ cells3?) iso-
lated directly from bone marrow of WT BALB/c mice at homeostasis
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FIGURE 1 Mouse eosinophils express the Ly6G/Grl Ag. (A)
Percent eosinophils (SiglecF+ cells) from bone marrow of WT BALB/c
mice at baseline or sensitized and challenged with A. fumigatus (+Af)
that are Gr1* (light bar) versus Gr1~ (dark bar) as determined by flow
cytometry with the mAb RB6-8C5; n = 3-5 per group, ***P < 0.005,
Mann-Whitney U-test. (B) Percent eosinophils (SiglecF* cells) from
bone marrow of BALB/c IL-5 transgenic (IL5TG) mice and from ex vivo
cultures of from bone marrow-derived progenitors from BALB/c mice
(bmEos) that are Gr1+ (light bar) versus Gr1~ (dark bar). The cell sur-
face Ag detected by RB6-8C5 was confirmed as Ly6G using mAbs 1A8
(anti-Ly6G, blue bar); n = 3 per group, ***P < 0.005, 1-way ANOVA; see
also Supplementary Fig. 1. (C) IL-5 (pg/mL) detected in serum and BAL
of mice indicated in (A) and (B); *P < 0.05, ***P < 0.005, 1-way ANOVA.
(D) Percent eosinophils (SiglecF+ cells) from bone marrow of wild-type
(WT) C57BL/6 (B6) and C57BL/6 IL-5 gene-deleted mice (B6 IL5~/~)
that are Ly6G™ (blue bar) versus Ly6G™ (grey bar); n = 3-6 per group,
"P<0.01, Mann-Whitney U-test

were Gri1~; a relatively small fraction of SiglecF* eosinophils from
blood and bone marrow were Gr1* (11 + 1.6%). By contrast, the
fraction of SiglecF*Gri1* eosinophils in the bone marrow of BALB/c
mice sensitized and challenged with an extract of A. fumigatus was
substantially larger (at 38 + 3.7%, ***P < 0.005 vs. WT, Fig. 1A);
no Gri1* eosinophils were detected in spleen of Af sensitized and
challenged mice, and, as reported previously,2® only ~1% of the
eosinophils in the lung were Gr1* (data not shown). The fraction of
Gr1* eosinophils (SiglecF* cells) in bone marrow from IL-5 transgenic

mice is likewise elevated (Fig. 1B) when compared WT counterparts
as shown in Fig. 1A; bmEos generated under standard conditions
(with 10 ng/mL IL-5) and evaluated at day 12 of culture displayed
an even larger fraction of SiglecFtGri1* eosinophils, at 76 + 4.0%
(***P < 0.005 vs. IL5TG).

While the anti-Gr1 (RB6-8C5) mAb detects primarily the Ly6G Ag,
there is at least 1 report noting that this Ab may cross-react with
the related Ag, Ly6C,32 a cell surface Ag that is expressed widely,
but best known for its role in differentiating between proinflamma-
tory and surveillance monocytes33; as such, we confirmed that the
SiglecFTGr1* eosinophils were virtually all Ly6G* (either Ly6G™* alone
or double positive Ly6G*Ly6C*) by independent flow cytometric eval-
uation with mAbs that were specific for anti-Ly6G (clone 1A8) and
anti-Ly6C (using both clones HK1.4 and AL-21, in separate analy-
ses; see (Supplementary Fig. 1A)). As an aside, our results for BALB/c
bmEos obtained here are different from those reported previously
for bmEos generated from C57BL/6 progenitors,23 which are pre-
dominantly Ly6C* (Supplementary Fig. 1B). Whether the C57BL/6
bmEos ultimately transition to Ly6G* over time in the presence of
IL5 is not known; of note, there is a substantial SiglecF*Ly6G* frac-
tion in bone marrow of WT C57BL/6 mice, as considered below. The
remaining work in this manuscript features bmEos from the BALB/c
mouse strain. Going forward, and for clarity and accuracy, we will
refer to this cell surface Ag by both names (Ly6G/Gr1) in the text.
We will refer to specific findings generated using the RB6-8C5 mAb
as Gr1t versus Gr1-, and findings generated using the 1A8 mAb as
Ly6G™* versus Ly6G~; the data in Fig. 1B demonstrate clearly that
the results generated with these 2 Abs are functionally equivalent in
this case.

Our findings thus far suggest that Ly6G/Grl expression on
eosinophils from bone marrow or from bone marrow culture may
relate, directly or indirectly, to the ambient levels of IL-5. While no IL-5
was detected in the serum of WT mice, IL-5 was prominent in BAL from
allergen challenged mice (67 + 24 pg/mL), and in sera from the BALBc-
IL5tg mice (254 + 66 pg/mL) (Fig. 1C). Of note, serum IL-5 levels in the
BALB/c-IL5tg strain are elevated, they are within physiologic (or more
specifically, pathophysiologic) parameters, as they are within range of
that reported in BALB/c mouse S. mansoni infection3* and likewise in
response to infection and/or challenge with parasitic pathogens in both
mouse models and human subjects; see3>-38 for additional examples.

As previously reported, C57BL/6 IL57/~ mice maintain normal
numbers of eosinophils in the bone marrow and peripheral blood
(Supplementary Fig. 2), although they are incapable of mounting a
response to Th2 stimuli.22 We found that, compared to the fraction of
SiglecFTLy6G* eosinophils in bone marrow of C57BL/6 WT mice (37 +
1.4%), the fraction of these eosinophils in the C57BL/6 IL5~/~ mice was
significantly reduced (21 + 2.6%, **P < 0.01 (Fig. 1D)).

Taken together, these results suggest that (i) SiglecF* eosinophils
in bone marrow generated in the presence of elevated levels of IL5
can be distinguished from homeostatic eosinophils that develop in the
absence of this cytokine by expression of Ly6G/Gr1 and (ii) IL5 may reg-
ulate the expression of Ly6G/Gr1, directly or indirectly, in cells of the
eosinophil lineage.
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FIGURE 2 Characterization of SiglecF*Gr1~ and SiglecF*Gr1* bone marrow-derived eosinophils (bmEos). Unselected bone marrow cells
were grown under standard conditions for 4 days with 100 pg/mL SCF and 100 ug/mL FLT3L. At day 4, these factors are replaced with IL-5
(10 ng/mL) as described in Section 2. (A) Flow plot demonstrating the distribution of bmEos at day 11 of culture into SiglecF*Gr1~ and SiglecF*Gr1+
fractions. (B) Modified Giemsa-stained SiglecF*Gr1~ and SiglecF*Gr1+* bmEos, original magnification, 64x. C. Relative expression (RQ) of tran-
scripts encoding eosinophil major basic protein-1 (MBP-1), eosinophil peroxidase (EPX), CCR3, GATA-1, and IL-5 receptor alpha chain (IL5R«)
in SiglecF+Gr1- versus SiglecF+Gr1* eosinophils as in (A); n = 3 per group, P < 0.05, P < 0.01, P < 0.005; 1-way ANOVA. (D) Percent of
SiglecFtGr1~ versus SiglecFT*Gr1t bmEos that express cell surface receptors for CCR3 and IL5Ra; n = 3 per group, ‘P < 0.05, Mann-Whitney
U-test. (E) SiglecF*Gr1~ bmEos separated as shown in (A), returned to culture and evaluated 1 and 24 h later; SiglecF*Gr1™* (light bar; above),
SiglecF*Gr1~ (dark bar; below; see also Supplementary Fig. 3 for total cell counts and viability), n = 3 per group, P < 0.01 Mann-Whitney U-test.
(F) SiglecF*Gri1* bmEos separated as in (A), returned to culture and evaluated 1 and 24 h later; SiglecF*Gr1™* (light bar; see also Supplementary

Fig. 3 for total cell counts and viability), n = 3 per group

3.2 | Expression of Ly6G/Gr1 on bmEos

Given the findings in Fig. 1, we used the bmEos culture method to
explore expression of Ly6G/Gr1 in response to IL-5. As described in
Section 2, unselected bone marrow cells are initially cultured in factors
that support developing progenitors (rmSCF and rmFLt3L); on day 4,
the cells are washed and placed into growth medium with containing
rmlL-5. As shown in Fig. 2A, at day 11 of culture, all viable cells were
SiglecF* and were equally divided between cells that were Gri-
and Gri1*. Both SiglecF*Gr1~ and SiglecF*Gri1* cells were clearly
eosinophils by morphology; both displayed heteromorphic nuclei and
red-staining cytoplasm with modified Giemsa stain (Fig. 2B). Nonethe-
less, the two subsets displayed distinct patterns of gene expression;
SiglecF*Gr1~ bmEos express comparatively higher levels of tran-
scripts encoding MBP-1 and EPX, granule proteins which are typically
detected at the eosinophil promyelocyte stage,3® and relatively

lower levels of transcript encoding the chemokine receptor, CCR3;
transcripts encoding GATA-1 and IL-5Ra were evenly distributed
(Fig. 2C). Differential expression of CCR3 (CD193) was confirmed
by flow cytometry; likewise, IL-5Ra (CD125) was detected on both
populations at indistinguishable levels (Fig 2D). Most intriguing, when
SiglecF*Gr1~ and SiglecF*Gr1* bmEos were returned to culture
independently of one another, each in the presence of 10 ng/mL IL-5,
the SiglecF*Gr1~ bmEos rapidly converted to the SiglecF*Gri1t state
(Fig. 2E). By contrast, SiglecF*Gr1* cells returned to culture maintain
the SiglecF*Gr1* profile along with full viability for the ensuing 24 h
(Fig. 2F); see Supplementary Fig. 3A and B for cell number and viability
for both cell populations.

Reducing IL-5 concentration had no impact on generation of
eosinophils but limited the fraction of SiglecFTGri* cells in a dose-

dependent fashion
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cultures grown from days O to day 4 with SCF and FLT3L as indicated; at day 4, these factors are replaced with IL5, at either the standard concen-
tration (10 ng/mL, filled circles) or 1 of 2 lower concentrations (0.5 or 0.1 ng/mL, filled squares or open circles, respectively). Total cells on each
day are as shown; n = 3-5 per point, P < 0.01, ""P < 0.001; see also Supplementary Fig. 4 for counts on day 12 with intermediate concentrations
(0.2,0.3, and 0.4 ng/mL). (B) SiglecF* cells (percent of total cells) at day 12 of bmEos cultures grown in concentrations of IL-5 as indicated; n = 3
per point, P < 0.01, 1-way ANOVA. (C) Modified Giemsa-stained bmEos from cultures grown in 10 ng/mL IL-5, original magnification 100x; (D) as
in (C), bmEos from cultures grown in 0.5 ng/mL IL-5, original magnification 100x; (E) Gr1~ cells (percent of SiglecF*) in bmEos cultures grown in

concentrations of IL-5 as indicated; n = 3 per point; “P<0.01;™

In contrast to results obtained with naive WT and IL5tg mice,
which maintain homeostatic (WT) or elevated but still physiologically
relevant concentrations of IL-5 (IL5tg), respectively, the standard
protocol for generating bmEos ex vivol® employs supraphysiologic
concentrations of IL-5, at 10 ng/mL. As such, we determined the impact
of reducing the concentration of IL-5 on eosinophil development and
expression of the Ly6G/Gr1 Ag ex vivo. As shown in Fig. 3A, we found
that the concentration of IL-5 used in this protocol could be reduced
20-fold, from 10 ng/mL to the more physiologic 0.5 ng/mL (500 pg/mL)
with no impact on generation of eosinophils. This represents a critical
protocol improvement, as 0.5 ng/mL (or 500 pg/mL) is within the same
order of magnitude as concentrations detected in serum of IL5tg mice
(at 254 + 66 pg/mL) and, importantly, is within range of those identified
in serum of mice infected with the helminthic parasite, Schistosoma
mansoni (at 100-500 pg/mL34;) and also in other examples of parasitic
infection and challenge.35-38 Reducing the concentration of IL-5 in the
bmEos culture to 0.4, 0.3, 0.2, or 0.1 ng/mL did not fully eliminate the
effectiveness of this protocol but did reduce the final cell counts in a

dose-dependent fashion as shown in Supplementary Fig. 4. As shown

P <0.005, 1-way ANOVA

in Fig. 3B, cells in culture were nearly completely SiglecF* at day 12
in response to IL-5 concentrations above 0.5 ng/mL; differentiation
was not complete (~80-85% SiglecF*) at this time point in response
to 0.1 ng/mL IL-5.

Eosinophils generated in cultures with 0.5 ng/mL IL-5 were indis-
tinguishable at the light microscopic level from those produced in
response to the standard 10 ng/mL; all cells had heteromorphic
nuclei and cytoplasmic granules that stained red with eosin-dye
(Fig. 3C and D). As anticipated, the fraction of SiglecF*Gr1~ bmEos
increased in inverse proportion to the concentration IL-5 in the cul-
ture medium, decreasing from 10 to 0.5 ng/mL. As shown in Fig. 3E,
the SiglecF*Ly6G~ fraction reached 30 + 2.3% in 0.5 ng/mL IL-5
(***P < 0.005 vs. 10 ng/mL IL-5).

Taken together, these findings are consistent with our earlier
hypothesis, that Ly6G/Gr1 expression on mouse eosinophilic leuko-
cytes is regulated, directly or indirectly, by the actions of the cytokine,
IL-5. This is particularly intriguing not only because Ly6G has been
characterized as a specific neutrophil marker, but because its function,

even on mouse neutrophils, remains for the most part uncertain. On
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P < 0.005. (C) SiglecF* cells (percent of total) at day 12 of cul-

ture under growth conditions indicated; n = 5-8 per point; no significant differences detected between groups. (D) Gr1~ cells (percent of SiglecF)

in bmEos cultures under growth conditions indicated;

the one hand, Wang and colleagues*® showed that direct administra-
tion of the 1A8 anti-Ly6G Ab prevented neutrophil migration, notably
toward the chemoattractant LTB4 in studies performed ex vivo. How-
ever, in experiments performed with the recently described Catchup
mouse, in which the Ly6G locus was disrupted with the gene encoding
fluorescent Td-tomato, Hasenberg and colleagues*! reported that the
resulting Ly6G-deficient neutrophils functioned normally in vivo in
response to both sterile and infectious inflammatory stimuli. Interest-
ingly, these authors identified a small fraction of SiglecF* eosinophils
that were Td-tomato-positive in mouse blood under homeostatic
conditions. Introduction of the IL-5 transgene into this mouse model
might confirm and extend our findings on cytokine modulation of
Ly6G expressed by mouse eosinophils in vivo, notably those in bone
marrow. Likewise, it would be intriguing to determine whether IL-5
modulates expression of Ly6G on mouse neutrophils, given reports
of functional IL-5 receptors on these cells.4243 Toward this end, we
identified a substantial fraction (~25%) of neutrophils (SiglecF~Ly6G*
cells) in the bone marrow of both naive WT and BALB/c-IL5tg mice
that expressed CD125 (IL5Ra). In contrast to what we observed in

(SiglecF*) eosinophils from bone marrow, we detected no difference

(Continues)

in percent Ly6G* positive cells (Supplementary Fig. 5A), although
the MFI declines somewhat when comparing neutrophils from the
WT bone marrow to those from IL5tg mice (Supplementary Fig. 5B).
This observation might be the subject of a more complete study using
appropriate cytokines and/or bacterial or viral pathogens promote
neutrophil hematopoiesis and to recruit neutrophils to systemic
circulation and/or the airways, respectively.

3.3 | Eotaxin-1is detected in serum at homeostasis in
normal mice and has an impact on eosinophil
development

Eotaxin-1 (CCL11) was initially identified as an eosinophil-specific
chemoattractant in a guinea pig model of airway inflammation®?;
it is produced constitutively by numerous tissues and signals via
the chemoattractant receptor, CCR3.4> Eotaxin-1 is best known
for its actions in promoting eosinophil recruitment in response to
allergic inflammatory stimuli and maintaining homeostatic levels
of eosinophils in the gastrointestinal tract.64> Although not fully
appreciated as a hematopoietic factor, Matthews and colleagues?®
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P < 0.005, ns, not significant, 1-way ANOVA

reported diminished levels of peripheral blood eosinophils in eotaxin-1
gene-deleted mice in the absence of allergen provocation. Likewise,
Lamkhioued and colleagues?! reported that a small fraction of human
cord blood CD34* progenitors had receptors for eotaxin-1 (CCR3)
and generated eosinophil-peroxidase (EPX)-positive eosinophils in
culture in response to eotaxin-1 alone, in the absence of IL-5. Given
these findings, we asked whether eotaxin-1 might have an impact
on eosinophil development and on expression of Ly6G/Gr1 in the
presence or absence of IL-5.

As shown in Fig. 4A, WT BALB/c mice at baseline display serum
eotaxin-1 levels of 494 + 86 pg/mL (or ~0.5 ng/mL). As such, we
selected this concentration for use in our revised bmEos culture
protocol. We found that addition of recombinant murine eotaxin-1
at 0.5 ng/mL to the bmEos culture together with reduced IL-5 (at
0.5 ng/mL) had no impact on the generation of SiglecF* eosinophils;
interestingly, and in contrast to the studies noted above performed
by Lamkhioued and colleagues with human CD34" progenitors,2!
eotaxin-1 alone did not support eosinophil expansion (Fig. 4B and
C). However, adding eotaxin-1 together with IL-5 at this lower con-
centration had a small but significant impact on the distribution of
SiglecF*Gr1~ versus SiglecF*Gr1* cells. Addition of eotaxin-1 to the

bmEos culture resulted in an increase in the fraction of SiglecF*Gri1~

cells, to 40 + 3.0% (*P < 0.05 vs. 0.5 ng/mL IL-5 alone). By contrast,
adding eotaxin-1 for 2 h only just prior to harvest had no impact over
culture in 0.5 ng/mL IL-5 alone, a result suggesting that eotaxin-1 was
acting on these cells over time and not simply promoting brief cell
activation (Fig. 4D). Addition of eotaxin-1 to cultures grown in IL-5
also resulted in a significant increase in the fraction of eosinophils
that expressed IL-5Ra (CD125; 49 + 9.7% vs. 30 + 4.7% ***P < 0.005;
Fig. 4E) and CD34 (49 + 5.2% vs. 28 + 3.8% ***P < 0.005; Fig. 4F). By
contrast, addition of eotaxin-1 has no impact on expression of CCR3*
(Fig. 4G). Interestingly, only 15-30% of the SiglecF* cells were also
CCR3* at the day 12 time point; these results are distinct from those
reported by Schollaert and colleagues!” who initiated these cultures
with low density bone marrow progenitors and found that virtually all
SiglecF* cells generated in response to 10 ng/mL IL5 were also CCR3™.

3.4 | Reducing IL-5 with or without eotaxin-1
augments chemotactic responses and limits
cytokine-free survival of bmEos

The ability to undergo chemotaxis to biochemical ligands is a crit-
ical feature of eosinophilic leukocytes. We and others have shown
that bmEos respond to chemotactic ligands, both ex vivo and when
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grown in culture as above, n = 3 per point, 'P < 0.05, "P < 0.01,

introduced in vivo.16174647 We demonstrate here that a 20-fold
reduction in IL-5 generates eosinophils with significantly greater
capacity to undergo chemotaxis to eotaxin-1 across a substantial range
of concentrations (**P < 0.01, **P < 0.001; Fig. 5A). This observation
is largely due to the responses of the Gr1~ eosinophils, which are sig-
nificantly more chemotactic to eotaxin-1 than are their Gr1* coun-
terparts (Fig. 5B). Interestingly, this observation is not directly related
to the number of CCR3* cells; as shown in Fig. 2D, there are more
CCR3* cells among the SiglecFtGri1* group. We also examined sur-
vival of bmEos after removal of exogenous cytokine support. This prop-
erty of eosinophils is particularly intriguing, as we and others have
found that eosinophils from allergen-challenged humans#®4? and WT
miceC can survive for prolonged periods of time ex vivo in the absence
of pro-survival cytokines. We have not previously determined whether
bmEos were capable of sustained survival ex vivo in the absence of
cytokine support. As shown, in Fig. 5C, we found that eosinophils
grown in the higher concentrations of IL-5 (10 ng/mL) were compar-

atively sustained ex vivo after removal from growth medium; these

P <0.005, 2-way ANOVA

cells remained 28 + 4% viable at 8 days after their removal from IL-
5-enriched growth medium. By contrast, bmEos grown in the lower
IL5 concentration (0.5 ng/mL) underwent cell death at a more rapid
rate, comparable to that of isolated human eosinophils.” This finding
may be related to a technical aspect of the experimental design, that
is, higher residual concentrations of IL-5 may remain associated with
the cells in the former cultures even after extensive washing. Growth
in eotaxin-1 has no impact on the rate of subsequent cytokine-free
cell death.

4 | CONCLUSIONS

To summarize, we examined the impact of physiologic concentrations
of IL-5 and eotaxin-1 used to promote eosinophil growth and develop-
ment ex vivo. As a direct result of this study, we found that substantial
fractions of SiglecF* eosinophils isolated directly from mice as well as
eosinophils generated ex vivo were Ly6G*/Gr1* and that the fraction
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eosinophils expressing this Ag increases in association with increas-
ing concentrations of IL-5. From a purely technical standpoint, these
results may need to be considered when using anti-Ly6G strategies to
detect or deplete neutrophils, particularly in the setting of a profound
Th2 response. However, from a larger perspective, our results also
suggest that a broader focus on eosinophils and classic IL5-mediated
responses may provide some clues toward identifying the otherwise
elusive function of this cell surface Ag. Toward this end, we found that
reducing the concentration of IL-5 in bone marrow-derived eosinophil
cultures into the physiologic range (500 pg/mL) had no impact on the
growth and expansion from progenitors, but, interestingly, the bmEos
generated were more responsive to eotaxin-1-mediated chemotaxis
overall, and, notably, the Gr1~ bmEos were the cells that maintained
this functionality. Likewise, given observations regarding eotaxin-1
and its potential role in hematopoiesis, we examined the impact of this
mediator when introduced at physiologic levels to the bone marrow-
derived eosinophil culture. We found that while eotaxin-1 alone at
500 pg/mL did not support the generation of eosinophils from pro-
genitors, but addition of eotaxin-1 together with IL-5 further limited
expression of the Ly6G/Gr1 surface Ag.
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